To examine the associations between three psychological eating behaviour variablesFrestraint, hunger and disinhibitionFand body weight and size, and to assess their explanatory power for the employment grade gradients in body measurement. DESIGN: Cross-sectional analysis of self-report and clinical data. SUBJECTS: In all, 1470 women (aged 45-68 y, mean 56.3, s.d. 6.0 y), body mass index (BMI) 26.3 (4.8) kg/m 2 at phase 5 (1997-98) of the Whitehall II study. MEASUREMENTS: Employment grade was measured in six bands ranging from clerical (lowest) to administrative (highest). Five measures of body size were examined: BMI, weight in kilograms, waist and hip measurement in centimetres and waist-hip ratio. The eating behaviour variables were measured using Stunkard and Messick's (1985) Three-Factor Eating Questionnaire (TFEQ). RESULTS: Disinhibition and hunger scores were strongly and directly associated with all measures of body weight and size. Restraint score was not directly associated with body size and weight. An interaction between restraint and disinhibition scores was found. The low-restraint-high-disinhibition group (based on median score splits) were the heaviest (BMI 28.5 kg/m 2 ) and largest (waist 85.8 cm), while the low-restraint-low-disinhibition group were the lightest (BMI 24.2 kg/m 2 ) and smallest (waist 76.3 cm). Employment grade gradients in body weight and size remained largely unchanged after adjustment for dietary restraint. Moderate attenuations were found for disinhibition scores (3.6-15.0%) and hunger (4.8-19.9%) on the five body-size measures. CONCLUSION: Among middle-aged women high scores on hunger and disinhibition, as measured by the TFEQ, are associated with greater body size. Restraint relates to body size through its interaction with disinhibition. Individuals with high disinhibition and any level of restraint are heavier and larger than those with low levels of disinhibition. High disinhibition coupled with low levels of restraint is associated with the greatest weight and size. Hunger and disinhibition explain a moderate amount of the gradient in body size across employment grade and may be useful concepts for future work on the socioeconomic gradient in obesity and overweight.
Introduction
Individuals from lower social classes are likely to suffer worse health than those in more advantaged positions. [1] [2] [3] One possible contributory factor is the social class difference in prevalence of overweight and obesity. The combination of central obesity, glucose intolerance, high serum triglycerides and low HDL cholesterol, which together are key features of the metabolic syndrome, is particularly linked with lower social position and with the development of degenerative diseases, particularly diabetes and coronary heart disease. 4 Population surveys generally show clearer social class gradients in obesity for women than men. For example, approximately 26% of women in social classes IV and V are obese (BMI 430 kg/m 2 ) compared to 18% in classes I and II, while the respective figures for men are 16 and 15%. 5 Therefore, this study focused on a sample of women, aged 45-68 y, and excluded male subjects.
It has been hypothesized that social class differences in eating behaviours and cognitions, such as dietary restraint, might account for part of the gradient in overweight and obesity. 6, 7 Restraint theory 8, 9 was developed as a means to understand the psychological basis of eating behaviours and disorders, including obesity and anorexia. Restrained eaters are individuals who restrict their dietary intake as a conscious means of losing or maintaining weight. 10 Restraint represents a conscious cognitive control of eating behaviour in contrast to physiological controls such as hunger and satiety. Restraint can be a successful means of reducing calorific intake. In experimental and community settings, restrained eaters appear to consume fewer calories than unrestrained eaters. [11] [12] [13] However, a restrained eater, once tempted to break their restrained approach towards food (ie when 'disinhibited'), may consume more than a nonrestrained eater because the normal boundaries of satiety have been distorted. In support of this, over-eating among restrained eaters, especially in times of stress, has been observed in laboratory and community studies. [14] [15] [16] Thus, a high level of restraint may be less useful as a means of moderating weight when accompanied by a high level of disinhibition. The most effective weight control would, then, be expected with high restraint and low disinhibition. The aims of the present study are threefold: (a) to examine the relationship between dietary restraint, disinhibition and hunger, as measured by the Three-Factor Eating Questionnaire (TFEQ), and body-size variables; (b) to assess whether women high in restraint (above median) and low in disinhibition (below median) have lower body weight and size than women with other combinations of these variables; (c) to assess the associations between restraint, disinhibition and hunger scores and socio-economic gradients (as measured by employment grade) in body weight and size.
Methods
The Whitehall II study of British civil servants, from which the data for the current study were taken, was set up to investigate the causes of the inverse social gradient in health, and in cardiovascular disease in particular. 2 We have previously examined various social and biological aspects of obesity 4, 17, 18 in this population.
Whitehall II is a prospective cohort study which commenced in 1985. The target population was all Londonbased office staff, aged 35-55 y, working in 20 Civil Service departments. The present study was based on analysis of data from phase 5 (1997-1999) of Whitehall II. Data collection methods have been published elsewhere. 2, 4 As the aim was to focus on female employment gradients, the sample consisted of the 1470 women, aged 45-68 y at phase 5 of the study, who completed the TFEQ. 19 The TFEQ is a 51-item instrument which contains three subscales measuring restraint, disinhibition and hunger. Hunger is measured by items such as:
I am always hungry enough to eat at any time. Dieting is hard for me because I just get too hungry.
Body size and weight measures were collected using standard protocols at phase 5 of the study. Social position was measured using self-reported employment grade at phase 5 in six bands from clerical to executive. In a small number of cases where data were missing, or participants had left the civil service at phase 5, the last known grade was used. Employment grade was used as a six-level variable in analyses, but tabulated results are presented using three levels of grade for simplicity.
Age correlated with disinhibition (r ¼ À0.12, Po0.0005) grade (r ¼ 0.29, Po 0.0005) and BMI (r ¼ 0.085, Po0.005) Therefore, all analyses were adjusted for age. Analyses of weight were adjusted for height to control for the association between height and grade. 2 In order to examine the relationship between the TFEQ variables and body size/weight, age-adjusted means were calculated by quartiles of each TFEQ variable using linear modelling and then tested for trend. Westenhoefer 20 has argued that dietary restraint as measured by the TFEQ is not a univariate scale. He has identified two subscales, flexible (FC) and rigid (RC) control, which show different relationships with weight and eating behaviour. Flexible controllers appear to be more successful dieters. 21 Therefore, we also examined grade and body-size differences in the FC and RC dimensions using two seven-item subscales drawn from the TFEQ 22 using ANOVA and tests for trend. Next, the interaction between restraint and disinhibition and its association with body size/weight was analysed using median splits to create groups with combinations of high (above median) and low (below median) scores for these two variables followed by a series of univariate ANOVAs to look at their relationship with different body-size/weight measures. Finally, the attenuation resulting from adjusting for restraint, hunger and disinhibition on employment grade
Dietary restraint and the obesity gradient J Dykes et al gradients in body size, age-adjusted body-size/weights and TFEQ scores were examined using forced entry linear multiple regression models, with grade as the predictor, treated as a continuous ordinal variable, with and without addition of TFEQ scores. Percentage attenuation scores were calculated from these analyses to estimate the statistical explanatory power of TFEQ scores for the socioeconomic gradients in body size/weight.
Results
The sample ranged widely in terms of body size and weight. A total of 5% were 'underweight' for height (BMI r20 kg/ m 2 ), 41% were 'normal' weight (20oBMIr25), 36% were 'overweight' (25oBMIr30) and 18% were 'obese' (BMI430) (data not shown). In all, 8% of the obese group (n ¼ 20) had BMI440 (grade-III obesity). The distribution of other key variables is shown in Table 1 . The average age of the women in the sample was 56 y (range 45-68 y). In total, 21% were in senior administrative (highest grade) positions.
Correlations of the three TFEQ scores showed that restraint and disinhibition were positively, although weakly, associated (r ¼ 0.13, Po0.0005). Hunger and disinhibition were more strongly correlated (r ¼ 0.60, Po0.0005). Restraint and hunger were not significantly correlated (r ¼ 0.03, P ¼ 0.22) (data not shown). Table 2 gives age-adjusted descriptive statistics for bodysize variables across quartiles of restraint, disinhibition and hunger, tested for trend using Spearman's rank correlation (Rho). Disinhibition and hunger scores showed a clear relationship to body-size/weight measures with higher scores associated with higher weight/larger size. Restraint scores did not show significant trends for any of the body-size and weight measures.
Interactions between restraint and disinhibition were examined by means of a series of univariate ANOVAs with age adjustment, for each of the five body-size/weight variables using median splits for each TFEQ score (for BMI, weight, waist, hips Po0.0005; for waist-hip ratio (WHR) P ¼ 0.069). The smallest and lightest individuals tended to be low in disinhibition (Table 3) . Of these individuals, those who were also low on restraint were the lightest and slimmest. The heaviest and largest individuals had high levels of disinhibition and low levels of restraint. There was no significant difference in the distribution of high and low restraint and disinhibition combinations across employment grade (w 2 ¼ 6.5, 6 d.f., P ¼ 0.4). For example, for the highdisinhibition-low-restraint group, the crude prevalence by grade was: clerical/office support 22%, professional/executive 26%, administrative 27% (data not shown). Age-adjusted employment grade differences in body size and weight and TFEQ scores are given in Table 4 . Tests for trend used six employment-grade categories. Significant trends by grade were present for all body-size/weight variables except hip circumference. Higher grade individuals were lighter and slimmer. WHR differed most, proportionately, by grade with a difference between highest and lowest grade of 36% of the sample standard deviation. Of the TFEQ scores, only hunger showed a trend across grades, with those in higher grades having lower scores. The trend was relatively weak: the difference between hunger scores between clerical (lowest grade) and administrative (highest grade) was 20% of the sample standard deviation.
FC scores were associated weakly and inversely with BMI (r ¼ À0.08, P ¼ 0.004) and rigid control scores were directly associated (r ¼ 0.12, Po0.0005). However, there were no associations of flexible or rigid control scores with employment grade using either Pearson correlation or ANOVA (data not shown).
As the restraint-disinhibition combinations were strongly related to body weight and size, we examined the possibility that the relationship between these two TFEQ factors might account for obesity differences according to grade. Correlations between these variables were calculated separately for each of the three employment grade groups. In the highest grade, restraint and disinhibition scores were not significantly associated, while in the middle and lower grades the correlation coefficients were 0.14 (Po0.0005) and 0.15 (Po0.005), respectively. The coefficients were not statistically different when 95% confidence intervals were calculated (using ð1 À r 2 Þ= ffiffiffi n p ) to estimate the standard errors (data not shown).
In order to quantify the possible explanatory role of the TFEQ variables for the employment grade gradients in body size/weight, a series of forced entry linear multiple regressions were conducted (Table 5 ). Coefficients for employment Dietary restraint and the obesity gradient J Dykes et al grade (six categories) as a predictor for each of the body-size/ weight variables (controlling for age) are shown in the first row. The same models were then run with the addition of each of the TFEQ variables to examine associations with the coefficients. The changes in the grade gradients are reported as percent attenuations (see Table 5 footnote). Hunger, more than disinhibition and restraint, showed some explanatory power for the gradients in body size/weight.
Discussion
In this study of 1470 middle-aged women, hunger and disinhibition scores had strong direct associations with body-size/weight measures. This supports the intuitive view that eating beyond satiety is associated with greater weight and size. Restraint was not directly related to body size and weight but related to these measures through its association with disinhibition. Dietary restraint and the obesity gradient J Dykes et al Contrary to our second hypothesis, those with high restraint and low disinhibition were not significantly thinner or lighter than those with low scores on both restraint and disinhibition. Both these groups were, however, lighter than those with high disinhibition and any level of restraint. Thus, in our sample, disinhibition appears to be the primary factor associated with body size and weight, although higher restraint may help to limit weight gain in the presence of a tendency towards periods of disinhibited eating (see Table 3 ). Restraint, therefore, seems to act as a secondary variable in weight control, moderating the associations of disinhibition with body weight and size.
While occupational gradients in all five body-size and weight variables were reduced by the inclusion of TFEQ scores, their apparent explanatory roles were only moderate. Of the three TFEQ variables, hunger showed the greatest attenuation on the gradients, and restraint the least. This fits with the fact that hunger showed a greater proportional difference across grades than disinhibition or restraint.
Restraint did not appear to be an important explanatory variable, either for body weight/size per se, or for the socioeconomic gradients. The restraint and disinhibition interaction did not differ by employment grade, though there was only modest power to detect this.
The highest-grade women, while being lighter and smaller than women in other grades, did not score significantly higher on restraint than women from other employment grades. In fact, they tended to score lower on all TFEQ scales (significantly lower, in the case of hunger). This raises the possibility, speculatively, that higher grade women in this sample were either less 'food oriented' or alternatively more reluctant to disclose information of this kind than women from other grades. This may be an issue to explore in future studies of eating behaviour, for example, by interviewing participants in more depth about their attitudes to eating and/or incorporating some form of food-related 'social desirability' score into eating-behaviour instruments. Dietary restraint and the obesity gradient J Dykes et al
Related to this issue, hunger, rather than disinhibition, had the stronger association with the gradients. While hunger and restraint scores were closely correlated, an expression of hunger may be more socially acceptable measure of overeating than disinhibition. This requires further exploration. Hunger and appetite, it has been suggested, are central to food intake regulation. 23 TFEQ hunger scores (along with frequency of previous dieting and change in resting metabolic rate) predicted 50% of the variance in weight regain after intervention in one study. 24 Hunger also seems to be an important variable in relation to reported energy intake. Bathalon et al 25 in a US study of healthy postmenopausal women found that low hunger scores (measured on the eating inventory) were associated with lower reported energy intake in relation to more 'objective' measures derived from the doubly labelled water technique (corrected for estimated change in body energy). The women in this study were slightly lighter than their age group within the UK population. The Health Survey for England (HSE) 1998 5 showed women aged 45-64 y had a mean BMI between 27.0 and 27.6 kg/m 2 , approximately one BMI point higher than women in this study. Likewise, the HSE found 24-29% of women were obese (BMI430) in this age group, whereas only 18% of our sample were in this category. Our participants were all working in civil service departments based in London and therefore such differences reflect documented regional and employment status differences in body size in the UK 5 as well as the likelihood, as in all longitudinal research, that those remaining in the study may be a selective group of the more 'healthy' and lighter individuals. A number of factors need to be considered when interpreting the results of this study. Different employment-grade group sizes, with more than twice the number of women in middle grades as those in the highestgrade group reduces the statistical power to detect differences across grades compared with a more even distribution. In addition, in common with many other studies in this area, the cross-sectional nature of the data makes it impossible to establish a time sequence to events and, therefore, causality. We cannot establish whether restraint and disinhibition lead to increased body weight and size or the obese and overweight become restrained and/or disinhibited in response to their body size. This information is essential to the development of effective interventions in obesity and overweight. Phase 5 was the first time that the Whitehall II study collected data on the TFEQ. Data from future phases may provide an opportunity to analyse, longitudinally, changes in body size and their effects on restraint, disinhibition and hunger. TFEQ scores were weakly related to employment grade, and in cross-sectional analysis their explanatory power for grade differences in body size was correspondingly modest. It may be that a follow-up study would find that these psychological variables became more strongly associated with social position over time, and had a greater explanatory role in the grade gradients in body size.
However, the study provided an important opportunity to examine the concepts of dietary restraint, disinhibition and hunger in the context of possible social influences on weight and body size. The measure of restraint usedFStunkard and Messick's 1985 TFEQ 19 has not, to our knowledge, been used previously in a data set of this size within a nonclinical (ie not eating disordered, obese, or weight reducing) group in the UK. In addition, most reported studies relating the TFEQ scales to body weight and size have used self-reported weight and BMI rather than clinician-measured data which may be less accurate and subject to systematic biases in reporting. 26, 27 The involvement of overweight and abdominal adiposity in chronic disease 4 has intensified the search for explanatory variables. Social gradients in body size and weight are likely to have a complex genetic, social, economic and psychological aetiology but the relatively modifiable nature of cognitive and behavioural factors make them a key starting point for interventions. The findings of this study support modest roles for disinhibition and hunger, as measured by the TFEQ, in understanding the social gradients observed in body size. Further longitudinal research is required to determine the causality of these and other psycho-behavioural relationships with weight gain and establish the optimum means of intervening to reduce inequalities in health.
